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The content of khis report is a factual and true representation of the
ground surface radlological survey of the 100-HR-1 operable unit. The
radiological data, statistical summaries and survey tracks ware recorded
and generated by a CHEMRAD Ultrasonic Ranging and Data System. The
Lnterpretaticons of the data are believed to be real and factual, baged

on verificatlion with known bench marks and quality control checks of the
recording software.
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[00-HR-1 RADIOLOGICAL SURVEYS

SCOPE

This report summarizes the ressults of the radlological surveys conducted
over the entire surface of the 100-HR-1 Operable Unikt, Hanford Site, Richland,
Washington (Figure 1). In additlon, this report explaina the survey
methodology using the Ultrasonic Ranging and Data System (USRADS) automakic
data recording equipment and describes the quality control techniques used to
verify the data recording system.

The radiological survey of the 100-HR-1 Operable Unit, along with the
background study, were conducted by 100 Areas Restorakion and Remediation
Health and Safety organization of the Westinghouse Hanford Company. The
survey methodology was based on utlilization of the Ultrasonic Ranging and Data
Syastem (USRADS) for automated recording of the groes gamma radiation levels of
the surface soil.

PROCEDURES

The radicloglical surveys were conducted following the procadures
contained in the Heath Phvgicg Procedures Manual, (WHC-UP-0632.A}); in
particular; Section 1.05, Yltragonic Ranging and Data Svatem (USRADS):
Connecting the EZquipmenr, RAev. Q: Section 1.06, Ulktragonic Ranging and Data
Sygtem /(USRADS) : Tguipment Sektup, Rev. O; Section 1.0Q7, Ultrasgsenic Ranging and
Data Svatem (USRADS): Svstem Calibraticn, Rev. ) and; Saction 1.08,
Yltrasonic Ranging and Data Svatcoem (USRAADSY: Performing "he Survey, Rew. 0.

The radliological surveys were conducted using a digital count rate meter
with a gsedium Lodide deteguor connected kto a CHEMRAD Tennegsee Corp. Saerles

2000 USRADS. The count rate meter was set for gross counting, i.e., window
"our". The window setting allows detesction of low, intermediate and high
energy photons. The USRADS =quipment iz uged ko record kthe detsctor readings

verses the location of the re2adings, generate a map of the survey area and
gave Yhe data on cfomputar storage medlums.

LOW BACKGROUND SITE

Introduction

The Low Background survey was conducted to establish basgeline
radiological background conditions in a designated test plot adjacent to the
100-H Area. The radiological data collected during this survey is congidered
representative of the undestrubed soil surfaces in the 100 Arsas of the
Hanford Site. The gurvey was conducted on April 10, 15 and 16, 1991.

Location

The Low Background test plot is located in the 600 Area, bektween the
100-D/DR and 100~H Areas, approximately 2,000 feet from the Columbia River.
The site had been previously staked on 100 foot intersects oriented along a
north—-south axis. The total size of the background plot is 500 by 500 feet.
Figure 2 1llustrates the layout of the low background survey site.

Discussion

The survey was conducted using a Ludlum Model 2221 digital rate meter
with a Ludlum Model 44-2, 1 by 1l inch sodium lodide detector. The Ludlum
meter was coupled ko the USRADS for the purpese of recording the data from the
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output of the detector verses the location of the data within the survey area.

A kotal of six individual survevs were performed to completely cover thea

250,000 square foot site,.
the survey gite.
Except for survey LBSa,

N total of 4,924 data point were collactsed wikthin

A summary of the survey results can be found in Table 1.

each aurvey was traversed on approximately 25 foot

transects.

Table 1. Summary Radlological Data for Low Background Site.

SURVEY AREA (SQ.FT) DATA POINTS MEAN (CPM) SIGHA [CPM)
LBSa 40,000 635 1,477 210
L85c 40,000 829 1,932 310
L3sd 60,000 1,055 2,203 209
Lasi 60,000 1,146 2,192 212
LBSj 20,000 556 2,085 218
LBSk 30,000 503 1,828 213

TOTAL 284,000 1,324

The Low Background survey was also used -"o es=ablish and refine the
survey methodolegy used during Zhe L00-HR-1 survev zroper. This methodology
was applied consistencly throughout “he 100-HR-1 radi2logical survey and
conslzted of walking aach asurvay area ak akhourn 1 mec=2r par aocond while

mainktaining zhe rertactor ar annut % inchaa from the amul surface.

Ag the gurveyor Lraverdes the survey are=a, the JSRADS records the output
data f£rom =he radiatlen detactor verseg the locaticn of where in the survey

area the data was detected - aach second. Therefcrs, while the survey is in
progresg, a real-time map of the gurvey area i3 generaked. When the survey is
completad, “he gurvey data set lg savaed on a compucter disk. Figure 3

graphically represents the track of zthe survey across the Low Background Site.

The bhackground count rate wasg 2gtablished by averaging the mean count

rate for each survey. Using the formula: BKGD=LX-6, the average background
count rate for the Low Background Site was calculated -o be 1,951 cpm, say
1,950 com. The sgtandard deviation for the average i3 calculated using the

2 2 2
) Vs, +sy ¥.05,)
85 mr————

n

formula;

Based on the formula above, the standard deviation ig +/~ 95 cpm.

One of the features of the USRADS is the ability to enter a "Threshold™
setting upon initiating a survey. The threshold secting is a value that when
exceeded, the data point plotted on the CPU monitor is highlighted. This
feature alerts the CPU operator that the cpm data has exceeded the threshold,
or preset value. For the purpose of conducting the 100-HR-1 RI/FS surface
radiation survey, it was desired to establish a value for the threshold, where
readings above the getting could be considered surface contamination. The
threghold value established for the entire 100-HR-1 Site survey was twice the
background count rate determined above, or 3,900 cpm. This value Lis practical
base on the premiss that too low a setting would highlight normal fluctuations,
above the calculated mean, and toco high a setting would cut off the low end of
gurface c¢ontamination that might be present.
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[00-HR-1 SITE
INTRCDUCTION

The 100-HR-1 radiological survey fiald task conaisted of two activitieg:
characterization of the operable unibt-specific background conditions,

discussed above, and the radiolagical asurvey of the operable unit surface
area.

The total surface area gurveyed was approximately 105 acres. Within
this area a total of 126,425 data points were collected. BEach of these data
pointe represent a gross gamma radiation reading along with the phyaical
coordinates of the reading. A total of 127 individual survey were conducted
Ln order to complete the 108 acres of gurface area. Sections of the operable
unit not surveyed include the area ingide the 116-H~7 exclugion fence; the
area within the Clear Well barrier fence; the 183-H Solar Basin and the river
ghore. ‘

During the period when the 100-HR-! radiation surwvey was conducted, the
Columbia River was reltatively high. Therefore, the porticn of the 100-HR-1'
operable unit below the river bank crast could not be effectively surveyed.
It was decided that this area would be incorporated into the river shore
survey and be performed at a later date.

LOCATION

Prior to initiating the radliolwgizal survey 2f the 100-HR-1 Operable
Jnit, a gqrid gystem wag. establlished 3c zhat the individual surveys could be
concrolled and nied together. The 3carning point of rhe airae grid is a polint
on ktha perimeter road ~n tha nouchwant narner of the n~perable unit. The
coordlnates of the starwing point ara WALIF0, N9490C. Trom the starting poink
he grid was 2stablished on 200 foot intersectg. Each 200 by 200 foot grid
block is labeled with congsecutive numbers. Figure 1 wilustrates the 100-HR-1
grid and block numbering system.

DISCUSSION

METHODCLCOGY

Fach survey entailed setting up the JSRADS equipment in a grid block;
connecting the radliation survey meter to the USRADS Data Pack; calibrating the
USRADS equipment and performing *=he survey., Calibration of the USRADS is
performed prior to starting a survey. The purpose to the calibration gegquence
is to reestablish the pesitlioning instrumentation after the equipment is moved
to a new location.

- Each grid block ia traversed, generally in a north-gsouth dirxection, on
approximately 25 foot transects. The gamma detector was malntained about 6
inches from the 850il gurface by guspending the detector from a boom attached
to the surveyors backpack. In this manner detector geometry remained
relatively conatant throughout the entire survey.

Radiation survey instruments were checked at the beginning of each day
for the proper ingtrument response. This was accomplished by placing a Cs-137
Check Source next to the detactor and abserving the instrument's responsge to
the aource. Local background radiation checks were also performed. This
involved taking three-one minute counts and calculating the average of the
three countas.

IHNSTRUMENTATION

Gamma Detection Instrumentation:
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Ludlum Model 2221 Digital Scaler/Rate Meter, Serial No. 75434
Ludlum Medel 2221 Digltal Scaler/Rats Meter, Serial No. 78158
Ludlum Model 2221 Digital Scalsr/Rate Meter, Serial No. 81302

Copies of the manufacturer's calibration certificates and Pacific
Northweat Laboratory's calibration data can be found in Appendix A.

Alpha Detection Instrumentation:

B8lecron Surveyor, Portable Alpha Meter, PNL Pool Na. 2331
Bicron Surveyor, Portable Alpha Meter, PNL Pool No. 2983
Bicron Surveyor, Portable Alpha Meter, PNL Pool No, 2211
Eberline Portable Alpha Counter, PAC~-58, PNL Pool No. 8017
Eberline Portable Alpha Counter, PAC-58, PNL Pool No. 8122

These portable alpha meters are maintained and calibrated by the Pacifle
Northwest Laboratory Instrumentation Pool.

Beta—-Gamma Detection Instrumentation:

Eberline, T-140B Meter, w/P-11 GM Probe, S$/M 1350/836
Eberline, E-140B Meter, w/P-1! GM Probe, S/N 1914/1304

These portable beta-gamma count rate meters are maintained and
calibrated by the Paciflc Horthwest Laboritzry Instrumentation Pool.

S3URVEY RESULTS

Table 2 gummarizes =he radioleogical survey Zaca for =zach grid bleck,
a.cng with the goil gample analytical regults. Figure 3 i3 a composlikte track
map of the entire l1O00-HR~! Operable fUnit survey. Locations where the count
rate ig above the thrashold setting of 3,300 <pm are identilfied with either,

"radiation", or a "gamma” (v} gvmbol. The "radiation" symbol iLndicates the
locatian of alevated readings outside aof the thr2e sxc¢lusion areas. The
"Jamma" gymbol indicates “he location of alevarad readings inside the 105-H
Reactor Bulilding exclusion fenca.

a

Of the 127 surveys conducted at the 1Q00-HR-1 Sita, 22 gurveyg recorded
glevated reading=. In only 10 of the 22 surveys could the alevated r=adings
be verified and duplicatad. The elevated ceadings in the remaining 12 surveys
wera cauged by nolse gpikes Lntroduced by toase or faulty cables connectling
the gamma detector to the digital rate meter. Thisg conclusion wasa resached by
either retracing the survey path in order to duplicate the event, or surveying
the locatlion with hand-held GM and Nal instrumentation. In each of the 12
cases the initlal elevatad reading could not be duplicated.

Flgure 6§ i3 a :track map of grid block 53 where2 two locations with
alevatad readings were detec<ad. ©One lecacion Ls north of Well H~4~14, along
the Clear Well perimeter fence. The other location is east of Well H-4-14,.
The maximum reading for both locatjions approximately 5,000 cpm. These
elevated readings may be associated with past discharges from Well H-4-14,
Soil gample results from these two locations indicake concentrations of
cobalt-50, cesium—137 and europium-152 above the background concentrations in
the surrounding grid blocks (Table 2).

Figure 7 is a track map of the surveys conducted in grid blocks 121, 122
and 123. The survey conducted in grid block 121 identified elevated readings
next to H-540 Marker, H-71-22. The maximum count rate observed was about
6,000 cpm. The survey conducted in grid block 122 wasg extended northward to
ineclude the portion of grid block 123 gouth of the 116-#-7 exclusion fenca.
Elevated readings along the fence were detected with maximum readings of
approximately 7,000 cpm.
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Figure 8 19 a composite track map of the surveys conducted inside of the
105-H exclusion fence. Due to the high level of "ghine" from the postad
Radiation Areas, ground surfacs contamination could not be determined with the
existing method of surveying. Soil samples from selectad locations indicated
only low concentraktions of cobalt-60, cesium-137 and europium—-152 in the soil.

Figure 9 iz a 2-dimensional contour of the radiation levels, in counts
per minute, 1lnside of the 100~H exclusion fence. Flgure 10 is a 3~-dimenslional
representation of the radiation levels inside the 100~H excluslicon fence.
Flgure 10 should be compared with Figure 8 in order to "mee” the magnitude of
the areas identified with a gamma symbol.

Eighty~five soll samples were collected within the 100-HR-1 Operable
Unit. Soil sample locations are Lllustrated on Figure 11 and the results are
lisced in Table 2. The majority of the gamma spectroscopy results are lesg
khan the detectlon limits for the specific Lsotopes of interest. Cobalt-60,
¢egium—137 and suropium-152 wer= positively identified in samples assogiated
with ground surface contamination, however the c¢oncentrations of these
igotopag are very low.

Gress alpha and beta analyses were also perfcrmed con =zach of the goil
samples. the results of the alpha analyses show no alpha activity above Lthe
detection limits 2f the laboratory instrumentation, i.=., all results were
lesa than L pCil/g. Grogs beta results ghowed concentracions typlcal of the
undigturbed soils in the Hantford 100 Ar=ag, which is about 15 zo 20 pCi/fg.
Sample SSG-63A had the highest concentrazion of total beta at 122 pCij/g. The
ratio of beta ko gfamma in zhisg sample iz abocuc 12 =2 L.

Alpha measursments were sonductad alcong ~he norzh and scuth boundaries
2f =2ach grid bleck at 1% fooh incerwala. Thege surveys were performed by
placing the portable alpha mecer detect2r about 1 centlimeter from the ground
surface, allowing <“he meter's analog indizacsor %2 scabrlize and recording the
readingg. Figure 12 illuscrateg khe .L2cacions of =he alpha measurements. All
nortable alpha mersr readings were less zhan detactable.

Zxcluding the ten surveys with verified surface contaminaktien or, gamma
radiation fields, :the average <f the mean <Tount rakes for khe remaining 117
surveys ig 1,958 <cpm. This ig nearly identical =o the backgreound zTount rate
determined prior %o the astart of the 100-HR-1 survevy,

QUALITY CONTROL

The following method waas developed as a means of checking the USRADS
data receording system and to determine whether or not it is recording
accurately the output data of the Ludlum detector. The comparison testg were
conducted while performing actual gurveys in %he field at the 100-HR-1
Site.

Each comparison test consisted of zollecting readings from the Ludlulm
metar display at a known location within the survey area. The corresponding
USRADS data, recorded at the same location, were retrieved from files
generatad from the survey data stored on the computer hard disk. The mean
count rate from each data set is then compared.

The compariscon method is based on “he null hypothesgis that assumes there
ig no difference between the sets of data. In other words, the difference
between the two mean count rates ig zero. Since the data diaplayed by the
Ludlum meter and rscorded by the USRADS is generated from the same detector,
the twa iLnstruments can be viewad as two methods analyzing the same sample
population. Therefore, the same sample population is displayed n times by
Analytical Method 1L {USRADS) and n, time by Analytical Method 2 (Ludlum
mater) .
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T{ the tesat sample ig rejected by the hypothesis, then thers is
justification to claim there ls a difference between the two data mets.
the teat sample ls not rejected by the hypothesis, then thers Lz a good

probability that the difference between the two sets of data ls caused by
random variations.

If

Four comparison checks were performed within 18 different survey areas,
for a total of 72 field tests. Each recerding check was tested agalnat the
null hypothegis. The difference between the two means, d, Ls aasumed ko be
normally distributed , with a mean of zero. The formula for calculating the
difference between the two means lLag: d=R:—T;. The difference has two
independent sourceg ¢f variation. These variations are 5, due to Analytiecal
Method 1 and due toc Analytical Method 2. The variance of d is then

2 2

2 Sl S

calculated as, §;5—+=
nyon,

The standard deviation, 3,, in this case the square =-ot of the variance of 4,
can be multipllied by 2 in order to calculate the accegtance range at the 95%

confldence level. If 4 falls within the range, Lt can be atated that there isg
ne significant dLfference between the -“wo methods ak =he chosen conflidence
level, If d falls autside of this range, 1t 2an be s=ated the difference is

gignifiicant.

Taple 3 ligts <he -Zata for =ach =25t in each
: the grid bBlcek in which the -Zestcs were D

~he indi-ridual Zest conduct=d wizhin =he zr.d block. Column 3 and
4 lige -he mean count rata and standard deviation of =he USRADS data for each
test wizh the grid block. Coalumn 3 and % list the mean count rate and

standard deviation of the Ludlum merer data for sach ==2gt witchin the grid
block. ’

urvey area. Column 1
izrmed. Column 2

Coslumn 7 listcs -he per-ent difference between the Two mean <ount rates.
the garcent difference Ls a good indication of the erzsr between the Lwo sets
of daca. The average percent differences hetwaeen che <wo count rates is less
than : percent.

Cslumn 8 lists khe numerical difference between the two mean count rates
and corresponds to d. <Column 9 Ls the calculated scandard deviation of d.
Column 10 represents the acceptance range for d at the 95% confidence level.
It is noted that 13 test are rejected by the null hypothesis at the one sigma

lLevel and S5 kest are rejected at the two sigma level, or 95% confldence
level.
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Tabie 2. 100-#8-1 Summary Daca: Gioma Suryey :nd Soil Sampla lesults {Cont'd)

GRIC BLOCK # DATA POINTS H!H.

41
18
44
bl
31
52
33
3
33
56
51
N
39

atr W
eIV e Les

-

13t
Tix
Tdt
HE;

16
n
T8
1%
48
i1
82
33
84
83
86
1
E]
39

848
490
158
148
813
138
182
349

1194
151
313
151
843
156
184

1969

1479
35
R R
28438

338
1845
"1
358

1008

583
1074
£63
764
315
113

630
1068
801
1025

CPH

1320
1460
1400
1260
1384
1260
1120
1140

1g00

150
1260
238
Vi59
300

1149

180
1029
1540
1860
1640

100

80

oo
1120
1340
f280

1360

1140
(400
14
1320
1140
toae

1080
1160
1140
1100

uix.
CPH

2460
2100
2868
1680
2840
2700
500
1420

40
3340
1984
13111
‘180
2360

apa
22

1334720

1500

1569
1860
1080
$id0

1500

2460
1560
1860
2960
2460
£lan

2140
1300
1840
1830

HEAN
o

1880
1946
2104
1853
1900
1998
1867
1753

1645
e
337
1963
H183
::m

a3
ikl
3

~a
r

253
111§
2024

1987

2067

1843
1802
1088
1857
1728
1661

1608
1554
1388
1308

STDOEY
CPi

2
03
139
(1}
112
215
21
106

00
i
i
150

[y

L2 sy

= oen

2
i
3

1D ) e e B3

1%
123
299
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fable 2, 100-HR-1 Summary Data: 3amma Survey znd Seil Samole Jesuts {Cont'd)
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jable 2, 100-4A-) Summary Bata: Gamma Survey and Soil Samoie %esults (Cont'd)
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QC Summary Statisticai Data for the 100-48-1 Operable Unit Radiological Survey
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